A sedentary lifestyle is associated with endothelial dysfunction, leading to vascular pathology and impaired microvascular reactivity (MVR). Enhanced endothelial functioning has been seen in aerobically trained individuals. The purpose of this study was to determine if there was a differential training response of skin MVR in response to high intensity aerobic interval training (HIAIT) as compared to steady state aerobic training (SSAT). The study involved 16 moderately active male students (age: 20.93 ± 5.05 yrs). They were randomly assigned to one of three groups; HIAIT, SSAT, and control group (CG). Baseline testing was performed to determine the VO 2max , lactate threshold, blood pressure, body composition and a post-occlusive reactive hyperemia response (PORH) test was used to assess microvascular reactivity on the right palmer forearm using a moorVMS-Laser Doppler Flowmetry (LDF) These parameters were reassessed after three weeks (mid-point) and six-weeks (post intervention) weeks. Statistical significance was set at p≤0.05. There were no significant interactions between the variables measured in the three groups over time. There was a positive linear relationship in the SSAT group for PORHmax/time to peak (T p ) at baseline (r = 0.998, p = 0.039), midpoint (r = 0.992, p = 0.083), and the post intervention (r = 0.987, p = 0.103). Training in the SSAT group had improved PORH peak at midpoint and post intervention time points (r = 0.999, p = 0.22; r = 1, p = 0.006; r = 1, p = 0.011). Training in either the HIAIT or the SSAT group had no significant effect on skin MVR in moderately active young adults. SSAT did display a positive linear relationship with PORH max/ T p , and PORH peak , which are variables influencing skin MVR.
Introduction
A low cardio-respiratory fitness level has been associated with endothelial dysfunction and decreased microvascular reactivity (MVR). As a result, individuals displaying low cardio-respiratory fitness have been shown to have an increased risk of cardiovascular disease (CVD) (Roche, Edmunds, Cable, Didi, Stratton, 2008) . Some of these risk factors are modifiable. These include hypercholesterolemia, cigarette smoking, hypertension and physical inactivity (Celermajer, Sorensen, Bull, Robinson, & Deanfield, 1994) . Enhanced endothelial function and enhanced microvascular reactivity is associated with training and high cardio-respiratory fitness, especially when maximal aerobic capacity is the marker of cardio-respiratory fitness (De Souza et al., 2000; Larsen & Matchkov, 2016; Montero, 2015; Roche et al., 2008) .
Both resistance and aerobic training have been used to improve overall health and fitness in the general and diseased populations (Horuichi & Okita, 2012) . Steady state aerobic training (SSAT) has been proven to enhance both cardiovascular health and the functional responsiveness of the vasculature (Hwang & Lee, 2016) . Steady state aerobic training has been well-documented in terms of the positive effects on endothelial function in those with coronary artery disease (Abbott et al., 2002; Clarkson et al., 1999; Hambrecht et al., 2003) . Regular SSAT has also been shown to improve both resting blood pressure and endothelium-dependent vasodilatation in hypertensive individuals (Horiuchi et al., 2012; La Favor et al., 2016) . Despite multiple studies proving the benefits of cardio-respiratory training, little is known regarding the effect of exercise intensity on microcirculation (Goto et al., 2003) . Therefore one cannot recommend either SSAT or HIAIT without further investigation.
In terms of cardio-respiratory training, SSAT, involves continuous aerobic exercise at a fixed pace or percentage of VO 2max for a period of time (Gibala, Gillen, Percival, 2014) . High intensity aerobic interval training (HIAIT) has been described as a training stimulus 'near maximal' oxygen uptake, or targeting 80-100% of heart rate max (Gibala et al., 2014) . VO 2max has been shown to improve after two weeks of HIAIT training, with vascular health shown to improve after four weeks (Gibala et al., 2014; Rakobowchuk et al., 2008) .
Highly endurance-trained adolescents have better endothelium-dependent vasodilatation in the forearm skin microcirculation, compared to their untrained peers (Roche et al., 2008) . This study demonstrated that long-term aerobic exercise training in adolescents is associated with enhanced skin MVR (Roche et al., 2008) . Vinet et al. (2018) found that any exercise modality improved flow mediated dilation in those with metabolic syndrome. Exercise modalities included high intensity resistance training, aerobic training, or a combination of the both (Vinet et al., 2018) . Goto et al. (2003) investigated the effect of intensity of exercise on endothelium dependent vasodilatation. Three groups of men from a healthy male population were made to exercise at either 25% of their VO 2max , 50% of VO 2max , or 75% of VO 2max . Results showed that the group who trained at 50% of their VO 2max improved acetylcholine-induced vasodilatation the most, compared to the groups who trained at 25% and 75% of their VO 2max ; which had little to no further improvement in their vascular health (Goto et al., 2003) . These intensities, however, were applied to SSAT. A study, focusing on four weeks of cycling in healthy males, showed improved vascular function (Tinken, Thijssen, Black, Cable, Green, 2008) . Improved vascular function was also proven in another study which looked at ten weeks of daily aerobic and anaerobic training in military recruits (Tinken et al., 2008) .
The effect of training modalities, such as HIAIT and SSAT, on skin MVR is unclear, as is the relationship between skin MVR and submaximal measures of cardio-respiratory fitness. As a result, more studies are needed to clarify the effects of different intensities, methods and duration of exercise on skin MVR health. Therefore, the aim of this study was to identify the effect of training intensity on skin MVR over a six-week training period.
Methods

Study Design and Participant Recruitment
The study design was an epidemiological and randomized experimental study. The study consisted of 25 male participants between the ages of 18 and 27. All the participants were students recruited from the University of KwaZulu-Natal, Westville campus. Participation in the study was voluntary. The study obtained ethical clearance from the University of KwaZulu Natal's Biomedical Research Ethics Committee (BE506/14). Prior to participation in the study, all participants provided their informed consent after being briefed of the study protocol and risks.
Participants included in the study if they were male individuals between the ages of 18 and 27 years, who were students of the University of Kwa-Zulu Natal at the time. Participants who met this initial requirement then completed a physical activity and medical history questionnaire. Participants had to score at least eight points on the FIT (frequency, intensity, time) Index of Kaspari to be considered as moderately active (8.58 ± 1.3METs). The FIT Index of Kaspari takes the participants' frequency, intensity, and duration of activity into consideration to provide an estimated level of physical activity. Participants were excluded if they did not meet the above-mentioned criteria, or had diabetes, cardiac disease, smoked, or had hypertension, or were taking any medication that may have influenced vascular tone.
Procedures
Participants were then randomly placed into either the high intensity aerobic interval training group (HIAIT); the steady state aerobic training group (SSAT); or the control group (CG), using randomizer.org. Measurements were conducted at baseline, after three weeks (the mid-point), and after six-weeks (post intervention).
At baseline, mid-point and post intervention participants were given a 15 minute acclimatization period prior to testing. All testing, assessments, and exercise protocols were carried out in the high performance laboratory based at the Discipline of Biokinetics, Exercise, and Leisure Sciences. Temperature and humidity was regulated and set at 22 degrees Celsius in the laboratory during visits. Lighting was also controlled, and turned off for LDF testing. All participants were asked to refrain from strenuous exercise for 48 hours prior to their laboratory visits, which might have subsequently influenced microvascular reactivity. Participants were asked to fast for at least three hours prior to testing.
During these testing sessions, all participants had their height, weight, body mass index (BMI), resting blood pressure and heart rate, as well as skin fold measurements to determine body fat percentage (BF%). The participants' baseline skin MVR was then determined. The participants were then allowed a ten minute rest before their VO 2max , was determined, when finger prick blood lactate samples were also taken.
Skin Fold
Skin fold measurements were taken on the right side of the body using a Harpenden skinfold calliper. Body fat percentage was then calculated using the ACSM seven-site formula: Equation: ACSM seven-site formula: (chest, mid-axillary, triceps, sub-scapular, abdomen, suprailiac, thigh).
Body Density = 1.112 -0.00043499 (Sum of 7 Skinfolds) + 0.00000055 (Sum of 7 Skinfolds)2 -0.00028826 (Age)
Laser Doppler Flowmetry
Laser Doppler Flowmetry is a validated, non-invasive method that utilizes the Doppler shift phenomenon to assess endothelial functioning, an important marker of cardiovascular health (Yvonne-Tee et al., 2005) . Skin blood flow (SkBF) was assessed on participants' right palmer forearm, approximately four centimeters distal to the antecubital crease using a moorVMS-LDF, calibrated according to manufacturer's guidelines. The participants were asked to assume a supine position with their right arm immobilized, supinated and resting at heart level, 15 minutes prior to testing, as well as for the duration of the test. Participants were instructed to avoid movement for the duration of the test. A post-occlusive provocation test then took place. A blood pressure cuff was placed on the distal portion of the upper arm, approximately four centimeters distal to the antecubital crease, and was pumped to 50 mmHg above resting systolic blood pressure. Occlusion was maintained for three minutes. The cuff was then be rapidly deflated, and the reactive hyperaemic response was measured. The hyperaemic response time was used as a marker for assessing endothelial function.
Participants of the study were informed that minimal discomfort might occur during the testing. Should a participant have complained of pain, the blood pressure cuff would have been removed immediately, instead of leaving it on for the full three minutes as stated in the protocol. No such complaints were made by any of the participants.
Parameters that were studied were resting flux (RF); maximum increase in hyperaemia perfusion (PORH max ); time-to-peak (T p ); amplitude of peak perfusion (PORH peak ); mean velocity of the hyperaemia response (PORH max /T p ); and time to resting flux (TRF). Resting flux (RF) is a participant's blood flow at rest. PORH max is the maximum increase in post-occlusive reactive hyperaemia perfusion (peak flow above minimum rest flow), expressed as the difference between maximal perfusion flux during post-occlusive reactive hyperaemia and resting flux. T p is the time after occlusion cuff decompression until the post-occlusive peak perfusion flux is reached. PORH peak is the amplitude of peak perfusion flux during hyperaemia. PORH max /Tp is the mean velocity of the post-occlusive hyperaemia increase, expressed as a ratio between PORH max and T p . TRF is the time taken for the blood flow (post-occlusion) to reach resting flux. Obtaining TRF provides an optimal model to quantify the participant's' microvascular function from the PORH response; TRF > 7 seconds is an indicator of endothelial dysfunction (Morales et al., 2005) .
Maximal Oxygen Consumption (VO 2max )
During the baseline testing session, the participants' maximal aerobic capacity was tested using an electronically braked cycle ergometer (Lode Excalibur Sport, Groningen, The Netherlands). An incremental cycle test was used to obtain gas exchange data using a breath-by-breath gas analyser (Cortex MetaMax 3b gas analyser). During the test, the gas samples were averaged every 30 seconds, and the highest values for VO 2 and heart rate over 30 seconds were regarded as maximum oxygen uptake (VO 2max ) and heart rate (HRmax). Equipment and software was calibrated according to the manufacturer's guidelines. Five second heart rate values were recorded with a HR monitor with the participants wearing a chest belt (S810; Polar, Kempele, Finland).
Time to exhaustion (TE, seconds) was recorded for the test. The test began with a three minute warm-up at 100W, followed by an initial 125 W workload, and 25 W increments every three minutes in a stepwise fashion. Participants were asked to maintain a minimum pedal cadence of 60 repetitions per minute. At the mid-point (three weeks), and at the end of the six-week period (post intervention) participants' VO 2max were reassessed using the same protocol.
Blood Lactate Testing
All lactate samples were taken on the third (middle) or fourth digit of the right and left hands. All samples were analyzed using the Accutrend Plus lactate analyzer (Cobas). Samples were taken at the three testing time points A baseline sample was taken prior to VO 2max testing. Samples were then taken at the end of stages of the stepwise protocol, followed by two post-exercise samples taken at minutes three and six following the completion of the VO 2max test.
Exercise Intervention
Participants from both the HIAIT and the SSAT groups trained twice a week for six-weeks under supervision in the high performance laboratory on the same cycle ergometer used for the testing procedures. They were allowed a five-minute warm-up prior to exercise. Exercise bouts were determined using the power output produced during the VO 2max test. The HIAIT group cycled for 30 second intervals at 100% of their VO 2max , followed by three minutes of active rest periods, repeated for six bouts. The SSAT group cycled, for 30 minutes at 60% of their VO 2max , with no rest interval. The participants completed a six-week training program. The CG did not exercise for the six-week period. Participants in the HIAIT were required to train twice a week, at 100% of their VO 2max . The SSAT participants trained at 60% of their VO 2max , twice a week over the six-weeks. The CG only had baseline, midpoint, and post study testing done over the six-week period.
Data Analysis
Data analyses was performed using the IBM SPSS Statistics for Windows software package, Version 23.3.1. IBM Corp., Chicago. Routine descriptive statistics (mean ± SD) were calculated. The significance of associations between parameters was determined using mixed ANOVA. Laser Doppler parameters were set as the dependent variables and the independent variables included the cardio-respiratory and body composition. Cohen's d effect sizes (ES) were also calculated to determine if the variables were altered by the training intervention and classified by Hopkins (2009) as:<0.2 (trivial), ≥0.2 to 0.59 (small), ≥0.6 to 1.19 (medium) and ≥1.2 (large).
Results
Only 16 (age: 20.93 ± 5.05 yrs) of the 25 participants recruited completed the study and were included in the analysis. The attrition was due to unforeseen circumstances that the researchers were unable to control such as participants missing 2 or more consecutive sessions. Table 1 reflects the mean values of the 16 participants' (HIAIT: n = 7; SSAT: n = 3; CG: n = 6) height, weight, VO 2max , and BF% at the three testing points in the study. There were no significant changes in these results within the groups. Vol. 11, No. 11; Trivial CG: control group; SSAT: steady state aerobic training; HIAIT: High intensity aerobic interval training; PORH peak : Post Occlusive Reactive Hyperaemia peak. The peak amplitude post occlusion; T p : Time to Peak. The time taken to reach peak amplitude; PORH peak /T p : The division between post occlusive reactive hyperaemia and the time to peak. The division between post occlusive reactive hyperaemia and the time to peak; PORH max : Post-occlusive reactive hyperaemia perfusion; PORH peak : Post-occlusive Reactive Hyperaemia peak. The peak amplitude post occlusion; T p : Time to Peak. The time taken to reach peak amplitude. Table 2 shows the Cohen's d effect sizes and indicated trivial to small changes in all three groups. Table 3 shows the relationship between dependent LDF variables across the groups. Training in both HIAIT and SSAT groups had no effect on PORH max across all three of the measurement time points. Analysis also showed that the type of training caused no significant changes in any of the other dependent variables, over the intervention period. The SSAT had a positive linear relationship for PORH max /T p from baseline to mid-point (r = 0.992, p = 0.083), and post intervention (r = 0.987, p = 0.103). The SSAT also had a linear relationship for PORH peak from baseline (r = 0.999, p = 0.22) to mid-point (r = 1, p = 0.006;) and post intervention (r = 1, p = 0.011). The SSAT group's blood lactate was shown to decrease over time however, these results were not significant (p = 0.363). The SSAT group in this study had also increased both their peak lactate ( Figure 2) and their lactate threshold (Figure 3) over time. Figure 4 shows a positive linear relationship between PORH max /T p in the SSAT group from baseline (r = 0.998, p = 0.039), to mid-point (r = 0.992, p = 0.083), and then to post intervention (r = 0.987, p = 0.103).
Discussion
The main findings of this study indicated that training in either the HIAIT or SSAT groups had no significant effect on skin MVR. However, there was a positive linear relationship with PORH max /T p , as well as PORH peak in the SSAT group. This suggests that SSAT may increase the hypereamic response post-occlusion, and may therefore improve overall microvascular response. With regards to blood lactate, no significant change was found across the groups. However, the SSAT group in this study had increased both peak lactate and lactate threshold over the six-week intervention period.
Other studies have found similar results to the present study. A study conducted by Rakobowchuk et al. (2011) concluded that six-weeks of moderate interval training and heavy metabolic interval training did not alter low flow-mediated constriction in healthy participants (Rakobowchuk et al., 2011) . Shenouda et al. (2018) PORH peak /T p sedentary men and women using three bouts of all-out cycle sprints for 20 seconds, interspersed with two minutes of active recovery, and found that there was no significant change in brachial artery endothelial function. However, Shenouda et al. (2018) attributed that the low volume used in the study may not have be sufficient to have a significant effect (Shenouda, Skelly, Gibala, MacDonald, 2018) . In our study the duration of the intervention (six-weeks) may have not been sufficient to have a significant effect on moderately active individuals.
Previous studies have assessed the effects of cardio-respiratory factors on endothelial functioning and produced results contradicting those in this study. Roche et al. (2008) found that highly trained adolescent soccer players had greater microvascular endothelial vasodilation, as compared to an untrained control group who were matched for age and maturity. In their study, the trained adolescents produced a greater PORH peak response as compared to the untrained control group (Roche et al., 2008) . A population of young healthy males was tested by Clarkson et al. (1999) in the age group 17 to 24 years. After ten weeks of regular physical activity, which combined both aerobic and anaerobic exercise, the young males showed an improvement in endothelium dependent brachial artery function. Clarkson et al. (1999) attributed the effect of shear stress, a stimulus for nitric oxide (NO) release, as well as the repeated increases in blood flow brought on by regular physical activity as the possible reason for the improvement in endothelial function (Clarkson et al., 1999) . Goto et al. (2003) , however, compared the effect of training at different intensities of VO 2max on endothelial function in 26 male subjects. They concluded that, after 12 weeks of training, the moderate intensity group (training at 50% VO 2max ), had significantly improved endothelial dependent vasodilation (Goto et al., 2003) . Despite our study finding no significant effects on endothelial function, the SSAT did show a positive linear relationships with PORH max /T p , and PORH peak .
The SSAT group in this study increased both their peak lactate and their lactate threshold. However, conversely in a study comparing HIAIT with high volume training (HVT) in competitive swimmers, Sperlich et al. (2010) showed that swimmers following the HIAIT program improved their performance and their maximal rate of lactate accumulation after five weeks of training (Sperlich et al., 2010) .
Limitations
Due to the time demand of the intervention program and other uncontrollable circumstances the total number of participants as well as participants in each of the groups were low. Due to the randomization process the baseline characteristics between groups was not controlled for. Training frequency was limited to twice weekly and for a period of six-weeks this may not be sufficient to elicit positive effects in moderately active individuals.
Strengths
The present study provided information on moderately active individuals, most studies have used sedentary individuals or highly trained individuals. The study protocol was well controlled and included three testing time points for comparison. This study's methodology provides a basis for future studies to incorporate exercise interventions to improve endothelial function.
Conclusion
The results of this study showed that training with HIAIT or SSAT did not have any significant effect on skin MVR. However, the SSAT had a positive linear relationship with PORH max /T p and PORH peak. This could suggest a positive impact of SSAT. Future studies need to incorporate a longer intervention duration with more participants per group.
